The importance of fiberoptic bronchoscopy (FOB) and intubation (FOI) is well established to reduce anesthesia-related morbidity and mortality during airway management in clinical practice. We conducted a trial to determine whether simulation-based training of novices can increase FOB and FOI skills to an expert level. Methods: Eight anesthesiologists as experts and 15 fourth-year medical students as novices were enrolled. The computerized AccuTouch ® Bronchoscopy Simulator (ATBS, Immersion
Introduction
Mismanagement of the difficult airway remains the most common cause of anesthesiarelated morbidity and mortality. 1 The importance of fiberoptic intubation (FOI), whether via the oral or nasal approach, is well established in the management of the difficult airway, [2] [3] [4] but recent surveys revealed that the prevalence of FOI skills is still lacking among anesthesiologists. [5] [6] [7] [8] Fiberoptic bronchoscopy (FOB) is another skill closely related to FOI. Both FOB and FOI involve introducing a fiberoptic scope into the airway of a breathing patient. Care must be taken to avoid collisions with the walls Dovepress submit your manuscript | www.dovepress.com This article was published in the following Dove Press journal: Open Access Medical Statistics 17 November 2011 Number of times this article has been viewed of the pharynx, larynx, trachea, and bronchi. Adequate skill must be attained to ensure successful intubation on the first pass of the bronchoscope. The role of simulation in training novices in FOB and FOI is as yet under-explored.
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Studies show that repetitive practice is required to maintain skill level 9 after training, and so skill decay may occur during periods of little or no exposure. Once trained to the 'expert' level, the extent of skill decay over time among novices has not been studied. As residents spend less time in operating rooms, 10 there is a clear need to accelerate the learning curve and improve the efficacy of FOB and FOI skills training. Furthermore, although novice practitioners are the reality of the academic care environment, patient care should preferably be provided by novices with as much previous training as possible under attending physician supervision.
We planned an educational trial to determine whether a 1.5 hour episode of simulation based training of novices can increase FOB and FOI skills to an expert level, and also to assess the extent of decay over a time period of 2 months. However, since the data collected were discrete rather than continuous variables, and sample sizes were small (8 and 15, respectively), standard t-test or analysis of variance (ANOVA) methodology would not be appropriate to use in this case. Both methods assume that either the data come from an approximately normal distribution, or the sample size is fairly large (for example, n . 20 at the very least). We sought a better statistical method to overcome these difficulties. The purpose of this study is to present a newly proposed likelihood ratio test to analyze discrete fiberoptic airway skill data. The development of this model was based on the assumption that the data follow a Poisson distribution.
Materials and methods
This study was approved by our Institutional Review Board. We utilized two simulators for training and testing: (1) the computerized AccuTouch ® Bronchoscopy Simulator (ATBS, Immersion Medical, Gaithersburg, MD) for FOB skills, and (2) the Human Airway Anatomy Simulator (HAAS, Medical Plastics Inc, Gatesville, TX) for FOI skills. With the ATBS, the number of airway collisions (contacts between the fiberoptic bronchoscope and the inside wall of the tracheobronchial tree) are tallied and reported by the computer. Greater expertise is demonstrated by a fewer number of collisions. Using the HAAS, FOI may occur via either an oral or nasal approach, and the fewer number of passes (attempts) the more expert the operator. Because the HAAS is not computerized, the number of oral and nasal passes must be quantified by an observer. For this study, subjects were videotaped with their identity concealed while performing FOI. A blinded, trained observer reviewed the recordings and tallied the number of oral and nasal passes of each participant.
Novice and expert groups
We recruited eight faculty anesthesiologists who had performed more than 100 fiberoptic intubations apiece as the expert group and 15 fourth-year medical students who had never performed a fiberoptic intubation as the novice group. Experts underwent testing only and were asked to perform FOB and both oral and nasal FOI on the ATBS and HAAS simulators, respectively. Novices underwent testing followed by a 1.5-hour simulation-based training module and immediate retesting. For each subject, the number of airway collisions during FOB was recorded by the ATBS computer while the number of oral and nasal passes during FOI was recorded by the blinded expert after reviewing all videotaped recordings. Two months after the initial training, twelve novices returned for testing, retraining, and retesting in FOB only. The retraining took only 30 minutes.
Statistical methods
The number of airway collisions during FOB and the number of oral and nasal passes during FOI are discrete variables. A testing procedure based on the likelihood ratio was derived to analyze the difference between the two groups and the change of skill in the novice group both before and after training and over time. The derived test was based on the assumption that the number of airway collisions and oral or nasal passes follows a Poisson distribution.
We will use the number of airway collisions to illustrate. The derivation is as follows: (1) To compare the parameters λ 1 and λ 2 , the average number of collisions in the expert and novice groups, the null and the alternative hypotheses will be:
Letting λ = λ 1 and Φ = λ λ To compare the performance of novices pre-and post-training, or after the 2-month lag period, we used the following P value equation:
To compare the performance of the novice group posttraining or after the 2-month lag period to the expert group, we used the following normal approximation, as sample size S 0 is larger than 20 for a two-sided test:
Results
We developed a novel likelihood ratio test to analyze the simulation training results. For the number of airway collisions during FOB, we compared the pre-training and post-training performances of novices, and also compared the pre-and post-training performances of novices to that of experts. Before training, the number of airway collisions in the novice group was significantly greater than in the expert group (P , 0.0001) indicating decreased skill, but their performance improved significantly after the initial 1.5-hour training session (P , 0.0001, novices pre-vs post-training) to the expert 
Number of airway collisions
Group
Novices G4 Novices G3 Novices G2 Novices G1 Figure 1 Box-plot of the number of airway collisions in each group during fiberoptic bronchoscopy using the AccuTouch ® Bronchoscopy Simulator (with 95% confidence interval). Expertise is demonstrated by fewer collisions. The minimum number of collisions possible is zero. Abbreviations: Novices G1, Novice group pre-training; Novices G2, Novice group post-training; Novices G3, Novice group 2 months later before retraining; Novices G4, Novice group 2 months later after retraining. level (P = 0.1709, novices post-training vs experts, Figure 1 , Table 1 ). Newly acquired skills of novices decayed significantly after 2 months (P , 0.0001, novices post-training vs novices 2 months later before retraining). Despite this decay, skills remained statistically greater than the pre-training level 
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Novices G2 Novices G1 Figure 2 Box-plot of the number of passes in each group for oral (A) and nasal (B) fiberoptic intubation using the Human Airway Anatomy Simulator (with 95% confidence interval). Expertise is demonstrated by fewer passes (attempts). The minimum number of passes possible is one. Abbreviations: Novices G1, Novice group pre-training; Novices G2, Novice group post-training.
(P , 0.0001, novices pre-training vs novices 2 months later before retraining). Although skills decayed over time, the previously trained novice was easily retrained to the expert level of FOB after only a 30-minute refresher course (P = 0.2207, novices after retraining vs experts). Likewise, before training, the number of passes for oral and nasal FOI in the novice group was significantly greater than in the expert group (P , 0.0001 for both oral and nasal, novices pre-training vs experts, Figure 2 , Table 2 ) indicating decreased skill among novices before training. FOI skill increased significantly after the initial 1.5-hour training session (P , 0.0001 for both oral and nasal, novices pre-vs post-training) until reaching the expert level (oral: P = 0.9857; nasal: P = 0.5014; novices post-training vs experts).
Discussion and conclusion
In this study, we present a new likelihood ratio test that we developed to analyze fiberoptic skills after simulation-based training. The development of this model was based on the assumption that the data follow a Poisson distribution. This method can be used for analyzing other similar discrete data, especially with a small sample size, when the commonly used t-test or ANOVA cannot be applied. The analysis of our fiberoptic bronchoscopy and fiberoptic intubation data demonstrates the efficacy of our novel likelihood ratio test.
Selecting the correct methodology for evaluating bronchoscopic simulator data can be a challenge. Davoudi et al 11 used analysis of variance (ANOVA) and pairwise differences with repeated measures ANOVA to analyze data from a virtual reality bronchoscopic simulator. However, to use ANOVA, the underlying assumption is that either the data come from a normal distribution, or the sample size is large. In the current simulator study, these two assumptions were not satisfied, and therefore, there was a need to develop a new statistical test.
Our results showed that the novice group achieved an expert level of performance on the simulator in terms of number of airway collisions, and number of oral and nasal passes. Although skill among novices decayed over a 2-month period, the decay was not total and skill remained greater than pre-training levels. A brief retraining session successfully restored FOB skill to the expert level. Admittedly, achieving superior skill on a simulator does not automatically indicate expert performance on human patients nor does it guarantee better patient outcomes. Furthermore, how much decay in skill occurs after 4, 6, 8, or even 12 months, and how much retraining is required after these longer lag periods was not examined in this study. Nonetheless, our findings support the claim that simulation-based training may accelerate the learning curve and provide a safe opportunity for novices such as medical students to become more competent in clinical procedures before demonstrating their skill on live patients. Besides the benefit of efficient and accurate training, 12,13 instruction on the simulator has been shown to enhance learner satisfaction, and reduce the cost of patient care. 
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